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SYMBOLS

The lateral/directional data are referred to the body-axis system

Aj total jet exit area, m2

b wing span, m

Cn yawing moment coefficient, ﬁower off

C1 rolling moment coefficient, power off

CY side-force coefficient, power off

d diameter of individual jet, m

De effective diameter of total jet area, m |
de effective diameter of exit area of local group of jets, m
AD inlet-momentum drag, N

FY side-force, N

AFY side-force increment due to induced effects, N

KY side-force factor for lateral profile area

KY n side-force factor for nozzle configuration
A ]

2 length of slot nozzle or of row of circular nozzles, m
AL 1ift increment due to induced effects, N
‘ Mx rolling moment, Nm .
. &Mx rolling moment increment due to induced effects, Nm
e L yawing moment, Nm
{“ LMZ yawing moment increment due to induced effects, Nm
¥ ; q free stream dynamic pressure
) ) s, reference area, m2
; ) SY lateral profile area, m2
3
s jet spacing, m
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total jet thrust, N

velocity, m/sec.

effective velocity ratio

inlet weight flow, N/sec.
exit weight flow, N/sec.
width of slot nozzle or of row of circular nozzles, m

effective arm of induced lift from jet center, positive when the
induced lift is ahead of the jet center, m

longitudinal distance from nozzle center to aerodynamic center of
vertical tail, positive when nozzle is ahead of tail, m

longitudinal distance of jet from moment reference point, positive
when jet is ahead of moment reference point, m

longitudinal distance of quarter chord point of mean geometric chord
from moment reference point, positive when quarter chord point is

ahead of moment reference point, m

longitudinal distance of tail aerodynamic center frozx moment reference
point, negative for tail behind moment reference point, m

effective lateral shift of induced wing 1lift, m

vertical distance from nozzle exit plane to aerodynamic center of
vertical tail, positive when tail is above nozzle exit plane, m

vertical distance from moment reference point to aerodynamic center
of vertical tail, m

effective vertical arm of inlet momentum force above inlet face, m
angle of attack, deg.

sideslip angle, deg.

sidewash angle, deg.

jet deflection angle, deg.

density kg/m3

vi




Subscripts

b

o)

body

free stream
inlet

jet

wing

frong jet(s)

rear jet(s)
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SUMMARY

A method for estimating the power induced increments of side-force and
yawing and rolling moments in the transition speed range is presented and
compared with available data. The study shows that in addition to the
expected inlet effects and the lateral shift in the induced downloads on
the body and wing there is a large favorable sidewash induced at the vertical
tail as well as suction pressures induced on the leeward side of the body
that add significantly to the side-force and rolling and yawing moments.
Although the method demonstrates consistancy with the data from which it
was derived the data base is too small to determine the extent of appli-

cability and additional experimental data is needed to confirm or modify

and refine the present method.
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INTRODUCTION

In the transition hetween hovering and conventional flight the
aerodynamic characteristics of jet and fan powered V/STOL aircraft can be
significantly effected by the inlet and exit flows from the propulsion
system. An empirical method for estimating the effects of these flows on
the longitudinal characteristics is presented in reference 1.

In a crosswind or sideslip condition the induced flow field produced
by the inlet and exit flows is asymetrical with respect to the aircraft
configuration and significant effects on the lateral/directional character-
istics can be experienced. The present study uses available dats to
develop a method for estimating the lateral/directional induced effects in
the transition speed range.

The method is an extension of, and is designed to be used in conjunction
with, the method of reference 1, for estimating the longitudinal induced
effects.

The present method is intended for use only in preliminary design work
and to give a general indication of the effects of the primary configuration
variables. The induced effects are a complex function of many configuration
variables and the development of a V/STOL aircraft will require careful
experimental investigations to accurately determine the induced forces

and moments.

o




NADC-81031-60

DEVELOPMENT OF THE METHOD

Basis of the Method:

The side-force and rolling and yawing moments acting on a V/STOL
aircraft in transition can be considered to be made up of the sum of the
power off forces and moments and the jet induced increwents. For small

sideslip angles:

/AFY\
. - o X
Side force, FY CY,Sq%? \ T /3 T3
A
Yawi X = + &
awing Moment, M C.,3q§P° l .3 TDe3
v Ve
MDY
Rolling Moment, M = C. .gShi + == 123
X 1w W \le/D e

The induced increments, lFY, sz and LMX are produced by pressures
induced on the body, wing and tail by the inlet and exit flows. The
pressures induced by the exit flows are illustrated schematically in figure 1.
The download "nduced on the wing and body by the jet flux can be estimated by
the method presented in reference 1. In a sideslip condition these down-
loads are shifted toward the leeward wing and produce a rolling moment. In
addition the same jet wake vorticity and entrainment action that produces
these downloads also induces suction pressures on the leeward side of the
bodv and produce a sideforce and yawing moment. The vorticity also induces
a sidewash at the vertical tail that produces a side force, rolling wmoment
and yawing moment.

In addition the flow into the inlet will generate a side force (analogous
to the inlet-momentum Arag) and associated yawing and rolling moments. The
total induced effects are the sum of these induced increments and can be

written as:

) S

1L /4 ' "AF N
F\I 4F AF N\ v
/ 3 T ;3,inlet T B,body T 8,tail
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Induced pressures

Deflected jet wake

1
Laterally displaced
vortex pair

Figure 1.- Schematic of effect of side slip

on jet induced pressures.
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/'AM\ “AM aM aM D
r__z = 2 + -2z + =z
i !
\TDew’B TDe B,inlet TDe 8,body TDe B,tail

AM oM : AM AM_

X X x x X
—_— = == + = + == + ==
TDe g TDe B,inlet TDe 8,body TDe 8,tail \TDe B,wing

Methods for estimating each term have been developed in the present

study and are presented in the following sectionms.

Inlet:
The side-force due to flow into the inlets is the inlet-momentum force

produced by the crossflow velocity, V sin 2, and can be expressed as the inlet

momentum drag (from ref. 1) multiplied by the sine of the sideslip angle:

AF w
Y AD . i
—_— o — = —— V i
T T sind = = V_ sin 3
E

and for small angles

{ AF \ W,
’-Tl = -7 2y
| 8,inlet v, .
J W,
For a fan or jet engine the ratio of inlet to exit mass flow Tl is equal to or
w,
J N

slightly less than unity. However some model experiments use ejectors to
simulate the thrust producing devices and for these the actual ratio, which
can be as low as 0.5, must be used.

The yawing and rolling moments due to turning the flow into the inlets is
given by the side-force multiplied by the effective arm. For yawing moment the

arm is the longitudinal distance from the moment reference point to the center

of the inlet face, X, and:

CAM N AF N X,
2 s X .
TDe 3,inlet T 3,inlet De
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The rolling moment arm is the vertical distance to the effective
center of action of the side-force increment due to the inlet flow.
For forward facing inlets the arm is the vertical distance from the
moment reference point to the center of the inlet face, Zi'

For upper surface inlets the side-force (like the drag in the longi~-
tudinal mode, ref. 1) acts at a distance AZ above the inlet face. The

rolling moment due to inlet flow is given by:

/ \ : :
‘AMX T i AFY | (Zi + AZ)
TDe 6. inlet T £B,inlet De
where AZ = .75d (ref. 1) and applies only to upper surface inlets.

For configurations with multiple inlets the side-force, yawing moment
and rolling moment contributions of each must be calculated separately and

summed.

The induced side-force due to the exiting flow is composed of two parts,
the side~force induced on the body and the side-force due to the jet induced
sidewash at the vertical tail. With the limited amocunt of data available it
was necessary to iteratively examine various assumptions to determine and
quantify the primary parameters that determine the magnitude of each
contribution.

The available data indicates that the variation of jet induced side-
force with effective velocity ratio, Ve' is similar to that of the 1ift-

loss, of reference 1 and that the magnitude of the side-force increment

AL
T
increases as the size of the configuration relative to the jet exit area
increases. It was determined that the body contribution to side-force could
be adequately estimated for most configurations by multiplying the lift-loss
as estimated from ref. 1 by a factor, Ky, that is a function of the ratio of
S

the lateral profile area of the configuration to the jet areas, KX’ fig. 2,
3
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Figure 2.- Sideforce factor Ky,
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}
L : However the data for configurations 3 and 8 were underestimated by
; this approach alone. Configuration 3 uses 2 rows of closely spaced jets
o4

and ccnfiguration 8 uses 3 jets in line in the nose of the body (approximating

parallel slot jets) and the lift loss for these configurations is lower than

it would be for the same configuration with a single round jet (see figure 27
of ref. 1). 1In the longitudinal mode the free stream flow is parallel to the
rows of jets and the induced pressures are reduced. However, the crossflow
component of the flow is perpendicular to the rows of jets and the position
and strength of the vortex wake will be changed. Reference 2 indicates
that a slot nozzle crosswise to the free stream induces significantly higher
suction pressures than a streamwise slot or a round jet. To account for
these higher induced pressures a nozzle side-force factor, KY,n’ (figure 3) is
introduced and is defined as the ratic of the adjustment factor for nozzle
configuration (figure 16 of reference 1) for the slot perpendicular to the
flow (w/t > 1.0) to the adjustment factor for the slot nozzle parallel to the
flow (w/1 < 1.0). 1t should be noted that this approach is based on a very
limjted data base and the factor KY,n for slot nozzles (or rows of closely
spaced jets) should be used with caution until the approach used here is
verified or modified by additional data.

In the present method the body contribution to side-force, for small

sideslip angles, can be estimated by:

‘ AL .
. T B,body . T  body N
where AL is estimated by the method of reference 1,
T Dbody
. Sy {' Sy &
KY = :.001 ol .000004 \Z:" KY,n
i 3 3

N

and KY n is obtained from figure 3.

The yawing moment induced on the body can be expressed as the side-
force acting at an effective arm, X. It was found that the yawing moment
arm is the same as the arm used in reference 1 for estimating the pitching
moment associated with the induced 1lift loss. The yawing moment induced on

the body can be estimated by:




r"Y
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Figure 3.- Adjustment factor for nozzle configuration.
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[ 2% . (fﬁ\x X
\ TDe/ B,body T '8,body De

X | P
where B_ is obtained from reference 1.
e

The rolling moment induced on the body is associated with the lateral
displacement of the pressure distribution induced on the lower surface of the
body as indicated in figure 4. For jets within the body (fig. 4a) the

rolling moment is given by:

e T
TD . T 'body D
e . e
and for small angles
(i R
) TDe,/body T  body De
, \
X LL .
wvhere — and -— are obtained from the method of ref. 1.
D, T body

When the jets are located at the side of the body as indicated in
figure 4b the induced lift loss on the leeward side is reduced but moved
further from the moment reference point, and the induced lift loss on the
upwind side is increased but moved closer to the moment reference point.
There is no method available to estimate either the change in magnitude or
the change in position of the induced lift but the two effects tend to
cancel each other and, in the present method, the rolling moment induced
on the body by jets at the side of the body is assumed to be zero.

Ertimates for configurations with multiple jets distributed fore and
aft of the moment reference point depend on the jet spacing. As indicated in
reference 1, if the jet spacing is small, 2 < 1.0, the effects are similar
to a slot nozzle and can be estimated as indicated above and in reference 1.
For larger jet spacing the jet induced effects of the fore and aft jets, or

groups of jets, are calculated separately and summed.

10
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The side—force increment is given by:

/ AR\ / ALf\ / bL ‘\
( —— !Q = —— % + ¢ T H ﬁ
. T /‘y,body T body \ T ;'hody
¢ AL\ e\
where - body and \ a body are the 1lift loss increments for

A\
the front and rear groups of jets respectively as calculated by the method of
reference 1.

The yawing moment and rolling moment increments are given by:

/AM\ AL X + X' /aL N X + X'

[ _2 = £ K, N SR PR Ky r_ _'r
\ TDe 8,body T  body De T body De
Aux ' AL ¢ X, : ALr i X
and — = —= L0175 = +  —= L0175 —
. TD, & body T body D, . T  body D,

where Xf and Xr are the effective arms of the lift induced by the front
and rear groups of jets respectively as calculated by reference 1. Note that
for a jet at or not too far ahead of the moment reference point the side-
force acts behind the moment reference point producing a yawing moment
increment that is stabilizing.

However if the jet spacing is large enough the side-force induced by
the front jets can act aghead of the moment reference point and produce a
destabilizing yvawing moment contribution. The aft jets of course induce
a stabilizing contribution. Most of the configurations for which tail off
data are available indicate that the body contribution to yawing mcment is
stabilizing, however the data from configuration 8 indicates the body
contribution to be destabilizing. Apparently the destabilizing contribution
of the forward jets exceeds the stabilizing contribution of the rear jets. In
fact analysis indicates that the best fit with the experimental data for
configurations with the aft jets behind the wind (configurations 6, 7 and 8)
is obtained by assuming the aft jets contribution to side~force, vawing

moment and rolling moment are zero.

12




NADC-81031-60

Por configurations with the aft jets behind the wing (as in

configurations 6, 7 and 8) the induced increments are given by:

AN
T 8,body \\ T Dbody KY
. N + x!
! éfi | . E&f: KY ii___fi
&AM N AL M X
™ = Tf body ‘017 D_f
e . 3,body ody e

Wing:

The wing contribution to the induced rolling moment is caused by the
lateral shift of the induced download on the wing. For a jet at the
quarter chord point of the mean geometric chord of the wing (projected to
the plane of symmetry) the lateral shift was found to be a function of the
wing span (figure 5) and is 0.85 percent of the span per degree sideslip.
For configurations with a jet or jets at a distance ahead of the quarter
chord point the geometric lateral displacement of the wing with respect to
the jet wake ((X'-XE) sin B) must also be accounted for. The data indicates
that there is no rolling moment due to the favorable 1lift induced by jets at
or behind the wing trailing edge.

The wing contributior to the rolling moment, for small side-slip angles,

is given by:

TAM ¢ \ X' - X
o - Lo o085 2 o+ 0175 ——F
\ e fB,wing g\ e e

/ \

I ALY

where — | is obtained from reference 1.
\ T Jwi
13
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As indicated above for the body contributions, the effects of fore

and aft distribution of the jets depends on the jet spacing. If the jet
spacing is small, % < 1.0, the effects are similar to a slot nozzle and the
factor KY,n is applied:

( M, AL b X' - XA
. T o = T "'wing . .0as8s 6'— + .0175 ——'—'—'D ' KY,n
v e B,wing . e e

For a wider spacing the contribution of the front and rear jets must be

calculated separately and summed.

oMY ;Lf‘ b x% - X0
X < B <
™ . . T wing 208 5 * 015 —3 N,n,f
e p,wing e e |
lLr ' b X; "~ XE‘
—_ . — 4 ———
* = wing 0085 5, 0175 b KY’n’r

And for configurations with the aft jets behind the wing only the front

jets are assumed to contribute to the rolling moment:

[ My Ly b X~ %
4 = —= ' — 4+ —_—
e Fetng | 9985 5 0175 —— Ky ot
., e J3,wing \ e e .

Tail:

The tail contribution to side-force, yawing moment and rolling moment is
caused by the favorable sidewash induced at the vertical tail. The sidewash
is produced primarily by the vorticity in the jet wake and would be expected
to be inversely proportional to the distance of the vertical tail from the
jet wake. In-as-much-as the location of the jet wake vorticity is not known
the sidewash has been correlated with the distance from the nozzle exit as
shown in figure 6. For configurations 2 and 5 the value of the sidewash
parameter %% correlated reasonably well with the inverse of the distance,
however for configuration 3 the data indicated a very large sidewash (before

dividing by KY n). Apparently the same increased vorticity, or change in

15
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vortex position associated with the 2 parallel rows of jets that produced

the high level of body side-force also induces the high sidewash at the tail.
When the sidewash parameter is divided by the nozzle side~force parameter KY
the correlation presented in figure 6 is obtained.

The side~force induced at the vertical tail is given by:

£ 2
(———AF > = 4C 2\05313_0:“ 3 Su 2
R i z . -
T 5,tail Y,8,tail ) V? Aj e Y,B,tail @88 ZAj e

h ' -
vhere ACY,::-,tail

and can be obtained from power off data or calculated by the USAF DATCOM

is the power off side-force coefficient due to the tail

method, (reference 3, section 5.3.1)

>

arla
rnla

and k& is obtained from figure 3.

The effects of fore and aft distribution with small jet spacing, E < 1.0,
are accounted for by the application of KY,n as indicated above. For larger
spacing the sidewash due to the front and rear jets wust be calculated

separately and summed. The sidewash is given by:

%%"/ )(z ) KY,n,f+-:_é-'9
\

\ n,f e

d
e
where X ., Z s X and 2 are the longitudinal and vertical distances
n,f° n,f’ "n,r n,r

from the nozzle to the vertical tail for the front and rear nozzles respec-

tively. And de £ and de r are the effective diameters of the front and

rear groups of nozzles respectively.

16
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Ficure 6.- Sidewash induced at vertical tail.
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S

v! = -1.0
e d
And v = ;—————— accounts for the reduced effectiveness of the rear jets
e =+ .75
d

operating in the wake of the front jets.
For configurations with the aft jets behind the wing only the sidewash

induced by the front jets is used:

|
IDL)
[

The yawing moment increment due to the vertical tail is given by:

£oAM S X
X = 1 t
. TDe 8, tail T E,tail De

The rolling moment increment due to the vertical tail is given by:
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COMPARISON WITH EXPERIMENTAL DATA

The power Induced increments of side~force and rolling and yawing
moment predicted by the method are compared with experimental data in
figures 7 to l4. This {s the same data set from which the method was
developed and the comparison therefore demonstrates only the ability of
the method to reproduce {ts source. However the comparisons also illustrate
the relative significance of the various contributions.

The relativelv simple wing-body single-jet configuration of reference o
teonfiguration 1, tfigure 7) exhibits large induced increments of side-torce
and vawing and rolling moments because ot the rvelatively large size of the
contiguration relative to the Jet.  (The contiguration sketches {n tigures 7
to 1a are all drawn to the same scale relative to the equivalent jet diameter.)
Itois uafortunate that there is no wing ottt data available for contiguration !
to evaluate the assumption that the wing does not contribute to side-force
and vawiag moment and to evaluate the division of rolling moment between
the wing and bodv.

A svstematice {nvestipation, varving jet siZe in a simple single-jet-in-
body contipguration {s aneeded to evaluate and retine the variation of the side-

torce tactor, KY (igure 2) with body sfze and to verity the assumption

AL XN .
that the body contribution to rolling moment is given by EEY sfn o
¢
(tigure 4Y.  The same Jet-in-bodv model could be used in a simple wing/body

contiguration to evaluate and retfine the variation of lateral shitt of wing
Y
R

W
Jdown load, v igure SY, with wing span to jet Jdiameter ratio. A xeparate

e
investipgation of the otffects of Jets beside the body is needed to provide a
basis for estimating their contribution to the body and wing rolling moment
increment s,
One of the most ianteresting findings of the studv {s the determination
that there (s a significant favorable sidewash fndoced at the vertical tail.
Jo

™e experimental data indicated that the stdewvash pavameter jp AN be as high

v

as 0035, thatr {s the vertical tatl effectiveness is increased by oas muach as
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one third over the power off level. The downwash data presented in
reference 2 (section 2.2.2.2) indicates that the jet induced downwash at
the horizontal tail is a function of velocity ratio as well as vertical and
longitudinal distance from the nozzle. Unfortunately there is insufficient
data currently available to define these variations for the jet induced
sidewash.

A systematic investigation varying the longitudinal and vertical distance
of the tail from the jet exit is needed to evaluate and refine the method of
estimating the sidewash factor (figure 6). The investigation should start
with a single jet configuration and might use the same jet-in-body model
suggested above for evaluating the side-force factor KY,n'

The estimated increments due to flow into the inlets are in relatively
good agreement with the experimental data where experimental data are
available (configurations 3, 4, and 5; figures 9, 10 and 11). The division
of the weight flow between the top "blow-in-door' inlet and the forward
facing inlets of configuration 2 (figure 8) is not available and therefore
estimates could not be made. The inlet contribution shown in figure 8 is
based on the experimental data rather than estimates.

It was noted in reference 1 that the additional vertical arm, Az, for
top inlets was based on the jet exit diameter (8z = .75d) because the size of
the inlets are generally not presented in the reports from which inlet
effects can be extracted. Also there is considerable scatter in the data used
in arriving at AZ = .75d (reference 1). A systematic investigatiom to
more accurately define AZ would be desirable.

It was noted earlier that the nozzle factor KY,n was introduced to
account for the high values of KY and %% for configuration 3. The increase
is assumed to be due to a change in strength and location of the jet wake
vorticity from the parallel rows of closely spaced jets when operating in a
sideslipping condition. Introduction of KY,n is probably the weakest
assumption in the present method. A systematic irvestigation of the effects
of slot nozzles (or rows of closely spaced jets) is needed.

Configuration 8 (figure 14) exhibited a much larger jet induced

increase in dihedral effect than any of the other configurations. Also the

PRUSURUUU N U
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jet induced yawing moment contribution of the body was destabilizing in
contrast to the stabilizing contribution of the hody for most of the
other configurations. The directional instability contribution of the body
could be accounted for by assuming that the rear jets had a negligible
effect and therefore did not act ta counter the destabilizing effects of
the front jets. The same assumption of negligible contribution of jets
located behind the wing resulrs in reasonably good agreement between the
estimates and experimental data for configurations 6 and 7 (fig. 12 and 13).
However no method of accounting for the high induced dihedral effect on
configuration 8 that is consistent with the rest of the method presented
here could be found.

The method of handling tandem jet configurations, particularly those
incorporated slot jets (or rows of jets as in configuration 8) needs further

study including a systematic experimental investigation.
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COMBINED ANGLES

The method developed above applies to small angles of sideslip at
zero angle of attack. The data for 4 configurations extend to high angles
of sideslip and threc of these investigations also included the effects of
angle of attack. Examples of these data are presented in figures 15 and
16 and compared with the estimates extended from small sideslip angles. )

In general, at zero angle of attack the data is linear and the estimates
are good our to sideslip angles of 6 to 10 degrees. At higher angles of side-
slip, where separation effects are begining to appear the experimental data
falls below the linear extension of the small angle of sideslip estimate as
would be expected.

The effects of angle of attack are generally small below about 10 degrees
(and at sideslip angles below about 10 degrees) but become very large at high
angles of attack where the wing is stalled. However, configuration 2
(figure 16 (a)) exhibits a significant reduction is dihedral effect when
the angle of attack is increased from zero to 10 degrees. The power
off data for this configuration indicate that the outer wing panels are
beginning to stall at about 5 degrees angle of attack. At 10 degrees angle
of attack the variation of lift with angle of attack is considerably lower
than at zero and therefore the increment of rolling moment due to the
different angles of attack induced on the leeward and windward wings by
the jets effects would be expected to be reduced.

Configuration &4 (figure 16 (b)) however exhibits the opposite behavior.
As expected the dihedral effect increases with angle of attack but the
increase is much greater than would be expected due to power off sweep
effects and extends to high sideslip angles. The reasons for this behavior
are not obvious. This configuration also exhibits a dihedral effect
reversal at small angles of sideslip at the lowest velocity ratio investigated
(insert at top of figure 10). And at the highest velocity ratios the
experimental increments of side-force, yawing moment and rolling moment all
depart significantly from the predicted trend (figure 10). The reasons for
these departures and reversals are not known but it should be noted that this

configuration has a large negative geometric dihedral and the largest wing
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sweep of the configurations studied, These results suggest the need for
additional investigation of the effects of dihedral angle and wing sweep

on the jet induced effects.

23
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CONCLUDING REMARKS

This study of the lateral/directional characteristics of V/STOL
aircraft in the transition speed range has shown that in addition to the
inlet effects and the lateral shift of the downloads induced on the body
and wing in a sideslipping condition there is a large favorable sidewash
induced at the vertical tail as well as suction pressures induced on the
leeward side of the body that add significantly to the side~force and rolling
and yawing moments.

The method developed in this study has demonstrated consistency with
the data from which it was derived, however the data base is so small that
the exteut of applicability is unknown. Additional experimental data is

needed to confirm or modify and refine the present method.
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APPENDIX
Sample Calculation

The calculations for configuration 4 are presented in this section to

illustrate the application of the method.

Inlet:
AF ‘; ;'
Y L ¥y 5
( T )S,inlet 0175 < Ve - s
w W,
] b
AM AF . .
Z = Y _-1__. i - s
0, 8,inlet T |8,inlet D, 5,
(——AM > ( AF ) Z, z,
. X = Y “1 2 .
A 8,inlet T ) 8,inlet D, D,
T /8,inlet D, 8 inlet , /3. inlet
-1 -.00087 -.00222
.2 -.00175 -.00445 0 »
-3 -.00262 -.00668

This configuration has only one forward facing inlet location. For

configurations such as 3, 5, 7 and 8 the side-force, yawing moment and rolling
moment contributions of each inlet must be calculated separately and summed.
The actual weight flow ratio used in the model tests is used in this
calculation to provide a comparison with the model results. 1f the calcula-
tions were being made to estimate the characteristics of an airplane the

weight flow ratio appropriate to the engine installation would be used.
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Body:
\
T /B8,body T | body KY T | body KY
AL ALr
where - and - are calculated by the method of reference 1 and
oo & Sy ) s
Ky =-000 7 - -000006{ 2= | 1Ky 5 = Lo1s X216
L 3 A
3
. . w o
(i“..) =<___““f) ,gl<><+x’) -0
\/ 3,body \ T /Po%¥ Do/ ¢ Ky o = 1.0
+<£L_r\ KY*/X_+2(_.'_> x' N
T}body \ue . (D-) = ,835
e’ £
s X'\
where | l) = -2.068 (D ) =833
\De £ e r
from method of
reference 1
(—’5\ = -1.69
D,
e’r
)
¥~5 = 0 (jets at side of body)
e / 3,body
(ALE\ (ALr\ (AFY\ (AMZ\ <AMX>
v _ — —_ == } —
e T body T ' body T ' 8,body TDe/ 8, body TDe 8,body
Jd ~.01l44 -.0031 ~.00026 .0004 ¢
.2 -.0617 ~.0069 -.0010 .0016 0
.3 ~.1044 ~.0164 ~.0018 .0025 0

For configurations in which the rear jets are behind the wing only the

contribution of the front jets is used.

27

e wr -




NADC-81031-60

Wing:
- 2| — =— + ,0175
e /8,wing T /wing De De £
ALI'\ Yw <X'-XE
+ T) wing D_ + .0175 D )
e e 'r
Yw b
— = ,0085=>— = .0515 = = 6.06
D D
e e e
! ' _
ALf\' aL_ f AMx\ X'-Xp\
Ve T/ wing T ; wing | \ TD D /. 1.365
. / \ e/ 2,wing e f
.1 ~.0152 -.0044 -.0013 X'-X,
( °> = -.305
.2 -.061 -.0110 -.0051 De . .
.3 -.0865 -.0303 -.0079
For configurations in which the rear jets are behind the wing only the ﬂ
contribution of the front jets is used.
Tail:
2 A DV A Su g
T B,tail Y,B8,tail 3R 2Aj e 2Aj ‘ {H
X
AcY,S,tail -.00692 (from power-off test data) (_d_n> - 8.66
e/ f
v! 7
38 ("E)f*v (38)‘1‘ (E’) = 1.26
e e/ f
, (an
_— = 6.30
= ,9 1.0 \ de ;T
X \ VA \)
n 1 yA \
n
<de/f zde/f (d—| = 1.26
e/r
s
3 2.34
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- 1.0
= Q.43

ajmialm

e/ 3,tail /
X
where 65 = -,529
e
from power off data
Zt
-'T= .8
e
I
LF B! M
v / Y\ i MZ\I : wx-
i '3, tai L TD_ '\ TD_ !
€ \\ T J ail { \ De /3,tail \ TDe, 2,tail
‘ J
.1 -.0002 i .0013 i -.0002
.2 -.0009 , .0050 l -.0007
.3 ' -.0021 | L0113 -.0017
if power-off data are not available — i and .C, . ., can be
Y,2,tail

calculated from geometrv and the method of reference 3, section 5.3.1.

T




}..DC-81031-60

TABLE I

GEOMETRIC CHARACTERISTICS

Conf. | Ref. | Pig. | ¢ P | b O O Y X X
cm cm De A A wj De De
1 5 5.72 | 5.72 {17.9 }8l.4 ]76.3 | - 0 -1.38
2 6 8 8.64117.3 |10.2 |18.0 {27.0 {1.0|.68/-1.26*) -1.1
3 7,8 9 4.87 ] 11.9 10.2 }22.1 {27.4 .5 -.23 | -~ .27
4 9 10 9.6 |19.2 6.06 | 16.6 | 16.0 .5 |.835/-.835 | - .53
5 5 11 9.32 | 13.2 7.75 115.3 | 14.3 1 .5 0 - .26
6 10 12 1 91.4 158 5.48 5] 5.4 11.0 12,64/ ~ 0
7 11 13 |{91.4 |182.8} 6.08 | 8.2 | 5.8 1.0 j1,42/ ~ 0
8 12 14 5.08 {11.4 10,7 (22.9 (21.0 .5 11.78/ - 0
*front /rear
30
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Configuration 1

Figure 7.- Comparison of estimate with data for single jet configuration 1

O
0 O :
i
Q Experimental
Body —————e Estimate
)

._‘
~ -
o

v
e

(a) Induced increments.

W
(ref. 5)(Configuration 2b of ref. 1) (;L = O>
3
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)

Configuracion 1

X

Iy /
N,

i

QO Experimental data

Estimate

Total,
Power-off pius
jet induced effects

w~—w == From power-off data

(b) Total lateral/directional derivatives

Figure 7.~ Concluded.
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N Configuration 3
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Figure 15.- Effect of large angles of sideslip.
Configuration 3 at zero angle-of-attack.
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(a) Configuration 2.

Figure 16.~ Effect of large combined angles.
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(b) Configuration 4.

Figure 16.- Continued.
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Figure 16.- Concluded.
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